A series of point mutants were generated in the human c-fos dyad synmetry element (DSE), found within the c-fos serum response element, to study the sequence requirements for its interaction with the human HeLa cell serum response factor (SRF).
CGCAGATGTCCTAATATGGACATCCTGT, complementary to positions -323 to -296 of the human c-fos promoter (23) , was synthesized using an Applied Biosystems DNA synthesizer.
This oligo was synthesized containing random mutations by the cross-contamination of each of the four nucleoside phosphoramidites with approximately 1.7% of each of the other three, as described in Hutchison et al. (31) . This "doped" oligo was hybridized to a uracil-containing mpl9fos
single-stranded DNA template prepared by propagation of the mpl9fos phage in dut~ ung~ BW313 (32) . Second strand synthesis was performed as described in Grundstrom et al. (33) , followed by transformation of JM107. Individual plaques were picked, and single-stranded DNA was isolated and sequenced by the dideoxy chain termination technique (34) using an oligo primer, GGCTCCCCCCAGGGCTA, complementary to -264 to -248 of the human c-fos promoter (23) . Approximately 30% of the templates sequenced contained a mutated DSE.
(b) Two "doped" oligos, CAGGATGTCCATATTAGC-ACATCTGC (26-mer), consisting of positions -322 to -297 of the human c-fos DSE (23) plus a C residue at the 3"
end, and CCGGGCAGATGTCCTAATATGGACATCCTGAGCT (34-mer), complementary to the former oligo and including the cohesive ends of the SstI and Xmal, were synthesized as described above. 650 pool of each of the purified oligos were annealed according to the method described in Hutchison et al. (31) , and an aliquot of the annealing reaction was then ligated to SstI-and Xmal-dlgested (Xmal and Smal are isoschizomers) pAdSV, followed by transformation of DH-1 cells. Individual colonies were picked, and the plasmid DNA isolated was analyzed by restriction enzyme digestions. Plasmids containing a single DSE insert were sequenced as above (34) , following a procedure (35) modified for double-stranded plasmids using the Boehringer Mannheim reverse sequencing
primer. Approximately 25% of the sequenced plasmids contained a mutated DSE.
Preparation of Plasmid and Template DNA.
Plasmid DNA was purified by ultra-centrifugation through CsCl gradients twice as described in Maniatis et al. (36) . The concentration of DNA was measured by optical density at 260 run and the quality of plasmid DNA was determined by visualization of EthBr-stained DNA electrophoresed through 1% agarose gels. Greater than 90% of the plasmid DNA was in a supercoiled form.
pAdSF, containing the wild-type human c-fos DSE from -322 to -297 (23) in the Sstl-Xmal sites of pAdSV (see Fig. 3 ), was digested with EcoRI and Smal.
The wild-type DSE fragment was purified by polyacrylamide gel electrophoresis and was radio-labelled at the EcoRI site by 3'-end repair using the Klenow fragment of DNA polymerase I in the presence of a-[
P]-dATP (36).
Gel Mobility Shift Assay.
The gel mobility shift assay using HeLa nuclear extracts was as described previously ( Approximately 0.33 ng of the -^p-ia^eHed EcoRI-Smal fragment of pAdSF (see Fig. 3 ) was incubated with 15 ug HeLa nuclear extract and analyzed by polyacrylamide gel electrophoresis as described in Materials and Methods. The name and molar excess of plasmid competitor are indicated on top of each lane.
Three classes of DSE mutants were defined by their ability to compete with the wild-type c-fos DSE for SRF binding In vitro: strong (pAdSF5, F7) competitive ability equal to or greater than pAdSF; weak/none (pAdSF21, F22), competitive ability as poor as pAdSV; and intermediate (pAdSPIO, F17), competitive ability greater than pAdSV but poorer than pAdSF.
(B) Competition with mpl9fos and its mutants.
Binding conditions were as described above, except that 0.11 ng of radiolabelled template was used per reaction. Three classes of DSE mutants were defined as described above, except that mutants are compared to mpl9fos and M13mpl9, rather than pAdSF and pAdSV, respectively. Examples of strong (mpl9fosMl, . 7 ). Therefore, it is not surprising that 7 (Fig. 2, mpl9fosM9 motif show some tolerance to certain base substitutions, although these changes do weaken SRF binding considerably (Fig. 3, pAdSFll, F12 and F17 ).
Four single base substitutions in the 6 positions in the (A/T) 6 "spacer" region (Fig. 3, pAdSF13, F14, F15 and F16 
A radlolabelled template of the weak competitor pAdSF23 binds SRF very poorly in vitro.
To confirm that the apparent competitive abilities of the mutant c-fos DSE plasmids observed above is due directly to the sequence of the mutated DSE itself, we radio-labelled the EcoRI-Smal fragment of pAdSF and the weak mutant, pAdSF23 (Fig. 3) , and used then directly as templates in gel mobility shift assays (Fig. 5) . As expected, the ability of the mutant pAdSF23 DSE probe to form a specific complex with the SRF was much lower than the wildtype DSE probe (compare lanes 7 , 9 and 11 with lanes 1, 3 and 5 Fig. 6B, pfG0WT) (Fig. 3, pAdSFll, F12, and F17) (Fig. 3, pAdSF13, F15 and F16 ) of the c-fos DSE may have either reduced the flexibility of DHA bending upon SRF binding, disrupted specific contacts between SRF and the DSE, or both. Interestingly, a T-»A transversion at -311 (Fig. 3, pAdSF14) Fig. 2, mpl9fosM2; Fig.  3, pAdSF6 and F7) or weaken (Fig. 2,   mpl9fosM5 and M6; Fig. 3, pAdSF18) its interaction with SRF. However, base substitutions at positions -316 or -303 ( Fig. 2, pAdSF5; Fig. 3, mpl9fosMl and 
